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Attorney Docket No. 36856.1235 
SURFACE ACOUSTIC WAVE DEVICE 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a surface acoustic wave device for use as, for example, a 
band pass filter and, more particularly, to a surface acoustic wave device having a first surface 
acoustic wave resonator filter connected in parallel to a second surface acoustic wave resonator 
filter. 

2. Description of the Related Art 

Various types of surface acoustic wave devices including a plurality of surface acoustic wave 
resonator filters that are connected in parallel to one another have been proposed. For example, 
Japanese Unexamined Patent Application Publication No. 6-334476 (hereinafter referred to as 
Patent Document 1) discloses a surface acoustic wave device including a plurality of IDT electrodes 
that are provided on a quartz substrate and a first surface acoustic wave resonator filter including the 
IDT electrodes that is connected in parallel to a second surface acoustic wave resonator filter also 
including the IDT electrodes. Herein, filter characteristics of the parallel-connected surface acoustic 
wave resonator filters are shifted towards each other to achieve a wide-band filter characteristic of a 
surface acoustic wave device. 

Fig. 10 shows an example of a filter characteristic of such a known surface acoustic wave 

device. 

On the other hand, Japanese Unexamined Patent Application Publication No. 7-58585 
(hereinafter referred to as Patent Document 2) discloses a surface acoustic wave device that is 
similar to the surface acoustic wave device disclosed in Patent Document 1. However, the 
relationship of filter characteristics of parallel-connected surface acoustic wave resonator filters 
disclosed in Patent Document 2 differs from that in Patent Document 1. That is, with reference to 
Fig. 11, a first characteristic and a second characteristic of the surface acoustic wave resonator filters 
are shown by dashed lines A and B, respectively. The overall filter characteristic of the surface 
acoustic wave device is shown by a solid line. As can be seen from the dashed lines A and B, each 
surface acoustic wave resonator has three different resonance points of a longitudinal mode. In the 
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surface acoustic wave device in Patent Document 2, two resonance points on the high frequency 
side of one surface acoustic wave resonator filter are brought into coincidence with two resonance 
points on the low frequency side of the other surface acoustic wave resonator filter. Thus, the 
overall filter characteristic of the surface acoustic wave device is obtained. 

To construct a longitudinally coupled surface acoustic wave resonator filter, a plurality of 
surface acoustic wave resonator filters are connected in parallel on a piezoelectric substrate, as 
disclosed in Patent Documents 1 and 2, as is well known. Such a structure decreases an impedance 
of the surface acoustic wave filter. In addition, a wide-band filter characteristic is achieved by 
shifting the filter characteristics of the surface acoustic wave resonator filters towards each other, as 
disclosed in Patent Documents 1 and 2. 

Unfortunately, although a wide-band filter characteristic is achieved by shifting the filter 
characteristics of the first and second surface acoustic wave resonator filters towards each other, an 
undesired ripple is produced in the overall filter characteristic. 

On the other hand, as disclosed in Patent Document 2, overlapping of a plurality of 
resonance points in the filter characteristics of the first and second surface acoustic wave resonator 
filters suppresses the undesired ripple. However, even in this design, a ripple occurs sometimes due 
to variations in manufacturing under some design conditions. That is, the ripple may occur if the 
overlapped resonance points are offset and a continuity of the phase is lost. In particular, in the case 
of a high Q factor of the resonance point, namely, in the case of a steep change in the phase, a slight 
offset of the overlapped resonance points significantly shifts the phase, thereby generating a ripple. 

SUMMARY OF THE INVENTION 

To overcome the problems described above, preferred embodiments of the present invention 
provide a surface acoustic wave device having first and second double-mode surface acoustic wave 
resonator filters connected in parallel, having a wide-band filter characteristic, and also reliably 
suppressing an undesired ripple. 

According to a first preferred embodiment of the present invention, a surface acoustic wave 
device includes a first and a second double-mode surface acoustic wave resonator filter connected in 
parallel to each other, each including a piezoelectric substrate, IDT electrodes and grating reflectors 
on the piezoelectric substrate, wherein the first double-mode surface acoustic wave resonator filter 
has resonance frequencies flL and flH, where flL<flH, the second double-mode surface acoustic 
wave resonator filter has resonance frequencies f2L and f2H, where f2L<f2H, f !H=f2L, and an 
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energy transmittance of the reflectors in at least one of the first and the second double-mode surface 
acoustic wave resonator filters ranges from about 12% to about 28%. Accordingly, in the overall 
filter characteristic, in which resonance points of the first and the second double-mode surface 
acoustic wave resonator filters are brought into coincidence to obtain a wide bandwidth, a change of 
phase characteristic is greatly reduced, thereby efficiently minimizing a passband ripple. 

According to a second preferred embodiment of the present invention, a surface acoustic 
wave device includes a first and a second double-mode surface acoustic wave resonator filters 
connected in parallel to each other, each including a piezoelectric substrate, IDT electrodes on the 
piezoelectric substrate, and grating reflectors on both sides of a region where the IDT electrodes are 
disposed in the surface acoustic wave propagation direction, wherein the first double-mode surface 
acoustic wave resonator filter has resonance frequencies f 1L and f 1H, where f lL<f 1H, the second 
double-mode surface acoustic wave resonator filter has resonance frequencies f2L and f2H, where 
f2L<f2H, f lH=f2L, and a Q factor of a resonance mode of one of the first and the second double- 
mode surface acoustic wave resonator filter is less than a Q factor of a resonance mode of the other 
double-mode surface acoustic wave resonator filter. Accordingly, in the overall filter characteristic, 
in which resonance points of the first and the second double-mode surface acoustic wave resonator 
filters are brought into coincidence to obtain a wide bandwidth, a change of phase characteristic is 
greatly reduced, thereby efficiently minimizing a passband ripple. 

According to the first and the second preferred embodiments of the present invention, a 
fractional bandwidth that is a ratio of a passband to the center frequency of the passband is 
preferably in a range from about 0.18% to about 0.22%. As a result, a wide-band filter characteristic 
that suppresses a passband ripple is obtained. 

According to the first and second preferred embodiments of the present invention, the 
piezoelectric substrate is preferably a quartz substrate. 

According to still another preferred embodiment of the present invention, in the surface 
acoustic wave device, the first surface acoustic wave resonator filter and the second surface acoustic 
wave resonator filter are preferably disposed on the same piezoelectric substrate. Accordingly, a 
surface acoustic wave device that suppresses a passband ripple is provided as a component defined 
by one element. 

Other features, elements, characteristics and advantages of the present invention will become 
more apparent from the following detailed description of preferred embodiments with reference to 
the attached drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic plan view of a surface acoustic wave device according to a first 
preferred embodiment of the present invention; 

Fig. 2 shows filter characteristics of a first double mode surface acoustic wave resonator 
filter, a second surface acoustic wave resonator filter, and of a surface acoustic wave device 
according to the first preferred embodiment of the present invention; 

Fig. 3 shows an example of a propagation characteristic of the surface acoustic wave device 
according to the first preferred embodiment, in which an external element is attached to the surface 
acoustic wave device for impedance matching and a ripple does not appear in a passband; 

Fig. 4 shows an example of a propagation characteristic of the surface acoustic wave device 
according to the first preferred embodiment, in which an external element is attached to the surface 
acoustic wave device for impedance matching and a ripple appears in the passband; 

Fig. 5 shows changes of a group delay time ripple and a peak loss when the number of 
electrode fingers of a grating reflector is modified in the first preferred embodiment of the present 
invention; 

Fig. 6 shows changes of a group delay time ripple and a peak loss in a fractional bandwidth 
of about 0.18% when the number of electrode fingers of a reflector is modified in a second preferred 
embodiment of the present invention; 

Fig. 7 shows changes of a group delay time ripple and a peak loss in a fractional bandwidth 
of about 0.22% when the number of electrode fingers of the reflector is modified in the second 
preferred embodiment of the present invention; 

Fig. 8 shows changes of a group delay time ripple and a peak loss when the number of 
electrode fingers of the reflector is modified in a third preferred embodiment of the present 
invention; 

Fig. 9 shows a computational result of a relationship between the number of electrode fingers 
of the reflectors and the energy transmission passing through the reflectors, according to the results 
of the first to third preferred embodiments of the present invention; 

Fig. 10 shows filter characteristics of first and second surface acoustic wave resonator filters, 
and the overall filter characteristic of an example of a known surface acoustic wave device; and 

Fig. 1 1 shows filter characteristics of first and second surface acoustic wave resonator filters, 
and the overall filter characteristic of another example of a known surface acoustic wave device. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Preferred embodiments of the present invention will now be described. 
First Preferred Embodiment 

Fig. 1 is a schematic plan view of a surface acoustic wave device according to a first 
preferred embodiment of the present invention. A surface acoustic wave device 1 includes first and 
second double-mode surface acoustic wave resonator filters 3 and 4 on a piezoelectric substrate 2. 
In this preferred embodiment, the piezoelectric substrate 2 is made of a quartz crystal, however, it 
may be made of another piezoelectric single crystal, such as LiTa03 or LiNb0 3 or other suitable 
material. 

The first surface acoustic wave resonator filter 3 includes IDT electrodes 3a and 3b, and 
grating reflectors 3c and 3d respectively disposed on both sides of a region of the IDT electrodes 3a 
and 3b in a surface acoustic wave propagation direction. Similarly, the second surface acoustic 
wave resonator filter 4 includes IDT electrodes 4a and 4b, and grating reflectors 4c and 4d. 

In this preferred embodiment, the IDT electrodes 3a, 3b, 4a and 4b and the grating reflectors 
3c, 3d, 4c and 4d are preferably made from coated metal primarily containing Al. The thickness of 
the metal film is about 3% of a wavelength of a selected surface acoustic wave. A duty ratio of the 
IDT electrodes 3a, 3b, 4a and 4b and the grating reflectors 3c, 3d, 4c and 4d is preferably about 0.55. 
The term "duty ratio" as used herein refers to a ratio of a width of an electrode finger versus a sum 
of the width and a gap between the electrode fingers. 

Each IDT electrode 3a, 3b, 4a or 4b includes 68 pairs of electrode fingers. 

A center-to-center distance between the fingers of the IDT electrodes 3 a and 3b is about 
1.25X, where A, is a wavelength of the reflectors 3c and 3d. A center- to-center distance between the 
fingers of the IDT electrodes 3a and the reflectors 3c is preferably about 0.52k. Also, a center-to- 
center distance between the fingers of the IDT electrodes 3b and the reflectors 3d is preferably about 
0.523c. 

The number of fingers of each reflector 3c and 3d is set to 40, 60, 80, 100, or 120. 

On the other hand, for the second surface acoustic wave resonator filter, a center-to-center 
distance between the fingers of the IDT electrodes 4a and 4b is preferably about 0.64X. A center-to- 
center distance between the fingers of the IDT electrodes 4a and the reflectors 4c is preferably about 
0.52k. A center-to-center distance between the fingers of the IDT electrodes 4b and the reflectors 4d 
is also preferably about 0.52k. Like the first surface acoustic wave resonator filter, the number of 
the fingers of each reflector 4c and 4d is set to 40, 60, 80, 100, or 120. 
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The first surface acoustic wave resonator filter 3 is connected in parallel to the second 
surface acoustic wave resonator filter 4. That is, the input IDT electrode 3a of the first surface 
acoustic wave resonator filter 3 is electrically connected to the input IDT electrode 4a of the second 
surface acoustic wave resonator filter 4, and then is electrically connected to an input terminal 6. On 
the other hand, the output IDT electrode 3b of the first surface acoustic wave resonator filter 3 is 
electrically connected to the output IDT electrode 4b of the second surface acoustic wave resonator 
filter 4, and then is electrically connected to an output terminal 7. 

With reference to Fig. 2, filter characteristics of the first and second surface acoustic wave 
resonator filters 3 and 4 in the surface acoustic wave device 1 are shown by dashed lines XI and X2, 
respectively. In Fig. 2, the overall filter characteristic of the surface acoustic wave device 1 is 
shown by a solid line. 

In the surface acoustic wave device 1, the number of fingers of the reflectors 3c, 3d, 4c, and 
4d are set to the above-described numbers. These numbers control energy transmittance incident on 
the reflectors 3c, 3d, 4c, and 4d to reduce the occurrence of the ripple in the passband. The details 
will be described with reference to Figs. 2 to 5. 

As shown by the dashed lines XI and X2 in Fig. 2, when the resonant frequencies of the first 
double-mode surface acoustic wave resonator filter 3 are f 1L and flH (where flL<f 1H) and the 
resonant frequencies of the second double-mode surface acoustic wave resonator filter 4 are f2L and 
f2H (where f2L<f2H), flH=f2L. Therefore, a wide-band filter characteristic shown by the solid line 
in Fig. 2 is obtained. 

Figs. 3 and 4 show the propagation characteristics of the surface acoustic wave device 1 with 
and without structural variations in manufacturing, respectively. In Figs. 3 and 4, an external 
element is attached to the surface acoustic wave device 1 for impedance matching. 

As can be seen from a comparison of the propagation characteristics in Figs. 3 and 4, a large 
ripple occurs, as shown by arrow Y in Fig. 4. The ripple occurs when overlapped resonance points 
in the filter characteristics of the surface acoustic wave resonator filters 3 and 4, as shown in Fig. 2, 
are slightly offset from each other due to structural variations in manufacturing. 

That is, in an overall propagation characteristic of the surface acoustic wave device 1, 
discontinuity in phase occurs. Accordingly, the above-described ripple in group delay characteristic, 
which is one of the propagation characteristics, prominently appears. 

Fig. 5 shows changes of magnitudes of a group delay ripple and a peak loss in the surface 
acoustic wave device 1 when the number of electrode fingers of the reflector is changed. The term 
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"group delay ripple" as used herein refers to a magnitude of the ripple Y appearing in a passband in 
the group delay time characteristic, and "peak loss" refers to a minimum value of the insertion loss. 

As can be seen from Fig. 5, as the number of electrode fingers of the grating reflectors 3c, 3d, 
4c, and 4d decreases a group delay ripple decreases for the following reasons: When the number of 
electrode fingers of the reflectors is decreased, a surface acoustic wave incident on the reflectors 
easily passes therethrough. Consequently, mechanical vibration of the surface acoustic wave is not 
efficiently transformed into electrical energy, thereby decreasing the Q factor of a resonance mode 
generated by the first and second surface acoustic wave resonator filters 3 and 4. In other words, a 
modest change in phase causes a modest shift of the resonance mode caused by combining filter 
characteristics of the first and second surface acoustic wave resonator filters 3 and 4, namely, 
modest discontinuity of the phase. 

On the other hand, reducing the number of electrode fingers of the grating reflectors 3c, 3d, 
4c, and 4d decreases efficiency of transformation from mechanical vibration to electrical energy. 
Accordingly, although the above-described ripple Y is suppressed, a peak loss value is degraded. 

As a result, in the surface acoustic wave device 1, the ripple Y is efficiently suppressed by 
reducing the number of electrode fingers of the grating reflectors 3c, 3d, 4c, and 4d, as is described 
above, that is, by decreasing the Q factors of resonance modes of the surface acoustic wave 
resonator filters 3 and 4. 

Additionally, Fig. 5 shows that the ripple Y is efficiently suppressed by reducing the 
electrode fingers of the reflectors to less than or equal to 80 and thereby decreasing the Q factor. 

Second Preferred Embodiment 

In this preferred embodiment, although the same electrode structure as that of the surface 
acoustic wave device 1 in the first preferred embodiment is provided on a quartz substrate, a 
fractional bandwidth of a passband is preferably about 0.18% or about 0.22%. 

That is, to set the fractional bandwidth to about 0.18%, a center- to-center distance between 
an input IDT electrode 3a and an output IDT electrode 3b is preferably set to about 1.1 7k, and a 
distance between the IDT 3a and a reflector 3c and between the IDT 3b and a reflector 3d is 
preferably set to about 0.48X. 

In a second surface acoustic wave resonator filter, a center-to-center distance between an 
input IDT electrode 4a and an output IDT electrode 4b is preferably set to about 0.67k, and a 
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distance between the IDT 4a and a reflector 4c and between the IDT 4b and a reflector 4d is 
preferably set to about 0.52X. 

On the other hand, to achieve a surface acoustic wave device having a fractional bandwidth 
of about 0.22%, in the first surface acoustic wave resonator filter 3, a center-to-center distance 
between an input IDT electrode 3a and an output IDT electrode 3b is preferably set to about 1.09A,, 
and a distance between the IDT 3a and a reflector 3c and between the IDT 3b and a reflector 3d is 
preferably set to about 0.52L 

In the second surface acoustic wave resonator filter 4, a center-to-center distance between an 
input IDT electrode 4a and an output IDT electrode 4b is preferably set to about 0.64X, and a 
distance between the IDT 4a and a reflector 4c and between the IDT 4b and a reflector 4d is 
preferably set to about 0.52A,. 

In the above-described two surface acoustic wave devices, only a fractional bandwidth is 
changed as compared to the surface acoustic wave device according to the first preferred 
embodiment of the present invention. 

Figs. 6 and 7 show changes of magnitudes of a group delay ripple and a peak loss in the two 
surface acoustic wave devices when the number of electrode fingers of the reflector is changed. 
Similar to the first preferred embodiment, the ripple that occurs in a passband is reduced by reducing 
the number of electrode fingers of the reflectors to less than or equal to 80 to 90, that is, by 
decreasing the Q factor. 

Third Preferred Embodiment 

In this preferred embodiment, in the first surface acoustic wave resonator filter 3, the number 
of electrode fingers of the grating reflectors 3c and 3d is set to 80 and, in the second surface acoustic 
wave resonator filter 4, the number of the electrode fingers of the grating reflectors 4c and 4d is set 
to 40, 60, 80, 100, or 120. That is, energy transmission incident on the reflectors 3c and 3d of the 
first surface acoustic wave resonator filter 3 remains constant. Then, changes in a group delay time 
ripple are obtained by changing the number of the electrode fingers of the grating reflectors of the 
second surface acoustic wave resonator filter. Fig. 8 shows changes of a group delay time ripple and 
a peak loss when the number of electrode fingers of the reflector in the second surface acoustic wave 
resonator filter is changed. 

As can be seen in Fig. 8, the group delay time ripple is decreased by reducing the number of 
electrode fingers of the reflectors in the second surface acoustic wave resonator filter 4. 
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As can be seen from the first to third preferred embodiments, in the surface acoustic wave 
device 1, in which the first and second surface acoustic wave resonator filters are connected in 
parallel on a piezoelectric substrate and the resonance points of the first and second surface acoustic 
wave resonator filters are overlapped, reducing the number of electrode fingers of the reflector in at 
least one of the surface acoustic wave resonator filters, that is, decreasing the Q factor of the 
resonance mode reduces a phase change. Therefore, a ripple in a passband is reduced. Herein, 
reducing the number of electrode fingers of the grating reflectors is identical to increasing a surface 
wave energy transmittance of the reflectors. 

Fig. 9 shows a computational result of a relationship between the number of electrode fingers 
of the grating reflectors and the energy transmission passing through the reflectors according to the 
first to third preferred embodiments. 

Generally, for surface acoustic wave filters included in in-car keyless entry systems, an 
insertion loss less than or equal to about 4 dB and a passband ripple less than or equal to about 1 dB 
are required in their characteristics. In this case, to satisfy this requirement after considering a 
variation of the temperature characteristics, an insertion loss less than or equal to about 3 dB and a 
passband ripple less than or equal to about 0.3 dB are required. Since the passband ripple is 
primarily dependent on a GDT, the GDT in the passband should be less than or equal to about 300 
ns in order to keep the ripple in the passband less than or equal to 0.3 dB. Therefore, for the surface 
acoustic wave filters included in in-car keyless entry systems, the GDT in the passband must be less 
than or equal to about 300 ns and the insertion loss must be less than or equal to about 3 dB in their 
characteristics. 

As can be seen from the first to third preferred embodiments, to achieve this goal, the 
number of electrode fingers of the reflectors ranges from 60 to 80. These values correspond to the 
range of about 12% to about 28% of the energy transmittance shown in Fig. 9. 

According to various preferred embodiments of the present invention, a passband ripple is 
efficiently suppressed by setting energy transmittance of the grating filters in at least one of the 
surface acoustic wave resonator filters to about 12% to about 28%. 

While the present invention has been described with respect to preferred embodiments 
thereof, it will be apparent to those skilled in the art that the disclosed invention may be modified in 
numerous ways and may assume many embodiments other than those specifically described above. 
Accordingly, it is intended by the appended claims to cover all modifications of the invention that 
fall within the true spirit and scope of the invention. 
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